The effect of feeding thyroid powder on folio acid metabolism in rats was studied by feeding folie acid at levels of 0, 0.5 and 10 ppm in the absence and presence of 3 g thyroid powder/kg of diet. Thyroid feeding did not increase the folie acid requirements for growth but did increase the excretion of formiminoglutamic acid at folie acid levels of 0 and 0.5 ppm. The increased excretion of formimino glutamic acid by thyroid feeding at suboptimal levels of folie acid was prevented by feeding a high level of folie acid (10 ppm).
The feeding of thyroid powder or iodinated casein as a source of thyroxine-like materials has been shown to induce vita min En deficiency in rats (1, 2). Similarly, it has been reported that the feeding of iodinated casein will increase the excre tion of formirninoglutarnic acid (FIGLU) and formate in a manner similar to that induced by a deficiency of either folie acid or of vitamin Bi2 (3). Evidence of folie acid deficiency has also been observed in cases of thyrotoxicosis in man (4, 5). It therefore seemed worthwhile to study the mechanism whereby high levels of tissue thyroxine can modify the role of folie acid in the metabolism of FIGLU, aminoimidazolecarboxamide (AIC) and N'-methylnicotinamide (MNA). FIGLU excretion was studied because the metabolism of this compound involves folie acid-depend ent reactions (6) and its excretion is in creased in folie acid deficiency (7, 8) .
The excretion pattern of AIC was de termined because the conversion of this compound into inosinic acid is folie aciddependent (9) and an increased urinary excretion of AIC has been observed in de ficiencies of vitamin Bu and folie acid in humans (10, 11) * and in rats (12) . The excretion of N'-methylnicotinamide (MNA) was investigated because this has been found to be reduced in folie deficiency (13, 14) . The excretion of MNA thus measures the capacity of the body to generate methyl groups for the methylaÃ¼on of nicotinamide.
METHODS
The basal diet contained: (in per cent) vitamin-free casein, 20; glucose monohydrate,4 73.4; salt mixture (15) Three-week-old weanling Sprague-Dawley strain male rats, weighing 55 Â±4 g, were housed in individual metabolism cages in a temperature-controlled room. Eight animals were used per experimental group. Feed and water were given ad libitum and body weight and feed con sumption were measured at weekly in tervals.
Formiminoglutamic acid (FIGLU) was determined by the enzymatic procedure of Tabor and Wyndgarden (16) . Twentyfour-hour collections of urine were made weekly and about 0.5 ml of 0.5 N HC1 was added to the collection vessel at the be ginning of the collection period. This as sured an acid solution (< pH 4) and minimized the destruction of FIGLU which is unstable in neutral and alkaline solu tions. The solutions were either analyzed immediately or frozen and stored until analyses were made.
Estimations of 4-amino-5-irnidazolecarboxamide (AIC) were made by a modifi cation of the method of McGeer et al. (17) using the Bratton and Marshall (18) color imetrie method for diazotizable amines. Five milliliters of centrifuged urine were passed through an 8-mm column con taining 1.5 g of a cation-absorbing resin (Biorad AG 2-X8, 200-400 mesh in the chloride form) and the column was washed with 1 ml of 0.2 N HC1. The treatment with resin removed interfering materials. Two and one-half milliliters of the filtrate from the column were added to a 50-ml test tube and 0.15 ml of acetic anhydride was added. This acetylates interfering di azotizable amines but does not affect the AIC present. After acetylation for 30 min utes, 0.5 ml of water was added followed by 0.5 ml of 2 N HC1, and 0.5 ml of 0.1% sodium nitrite. After 2 minutes, 0.5 ml of 1% ammonium sulfamate was added followed 2 minutes later by the addition of 0.5 ml of 0.1% N-(l-naphthyl)-ethylene diamine. The red color which developed was read after 10 minutes at 540 mn. Corresponding blanks using resin-treated urine, but without adding N-(l-naphthyl)-ethylenediamine, were made to correct for yellow color in the urine sample.
N'-Methylnicotinamide in urine was de termined by the method of Pelletier and Campbell (19) .
The level of formiminotransferase en zyme in rat liver was measured in the pres ence of an excess of tetrahydrofolate using a partially purified fraction of liver, and the procedure of Tabor and Wyndgarden (16) to measure the transfer of formimino group of FIGLU to tetrahydrofolate. The rat livers were frozen in dry ice im mediately after the animals were killed. At the time of assay the livers were thawed and homogenized in the presence of 5 volumes of acetone, and the resulting resi due was filtered and washed with acetone. The resulting dry acetone powder was extracted with 10 parts of water (by weight) at 2Â°with gentle stirring for 15 minutes and centrifuged for 15 minutes at 20,000 X g. Ammonium sulfate (0.2/ ml of enzyme solution) was added to the supernatant and the precipitate removed after 1 hour of flocculation by centrifuging at 20,000 X g. The precipitate was suspended in 0.2 N sodium acetate using 0.5 ml for each gram of rat liver orig inally used. The enzyme was allowed to stand at 2Â°for 16 hours and then stored in the frozen state until assayed for ac tivity. The enzyme reaction contained 1.0 umole FIGLU, 1.1 umole tetrahydrofolate, 100 nmole phosphate buffer pH 7.2, and the enzyme in a total volume 0.4 ml. After 30 minutes' incubation at 23Â°,the reaction was stopped by addition of 0.3 ml of 10% perchloric acid which also con verted the enzymatically formed formiminotetrahydrofoÃ-ate into 5,10-methenyltetrahydrofolate which was measured spectrophotometrically at 350 mu. A unit of activity was arbitrarily defined as that amount of activity which would convert 0.05 nmole of FIGLU in 30 minutes. This corresponds to an optical density change of 0.86 in this reaction system. The general experimental plan involved feeding 2 levels of thyroid powder (0 and 3 g/kg) at three different levels of folie acid (0.0, 0.5 and 10 ppm) to 6 groups of 8 rats each and measuring the excre tion of FIGLU, AIC, and N'-methylnicotinamide.
RESULTS
The growth rate in the presence and absence of thyroid powder at three levels of folie acid is shown in figure 1 . The addition of thyroid produced essentially the same percentage reduction in weight gain at different folie acid levels (39, 41, and 43% at folie acid levels of 0, 0.5 and 10 ppm). This indicates that thyroid feed ing did not materially increase the folie acid requirement for growth.
The FIGLU excretion at the three differ ent levels of folie acid in the presence and absence of thyroid powder is shown in figure 2 . Thyroid powder produced a marked increase in FIGLU excretion in the absence of folie acid after 2 weeks of feeding the experimental diet. In the pres ence of 0.5 ppm of folie acid, thyroid powder produced an increased FIGLU ex cretion only after 5 weeks. With diets (7) Â»243 (7)274(8)145(5)176(5) containing 10 ppm of folie acid, thyroid feeding had no significant effect on FIGLU excretion.
Since excretion of FIGLU in folie acid deficiency is increased by the administra tion of histidine in rats (20) , a histidine test loading was carried out in 2 ways : 1) the rats were maintained with regular diet for 7 weeks and tube-fed a single dose 450 mg of L-histidine hydrochloride made into a slurry in 5 ml of water. The urine was collected during the following 24-hour period and then tested for FIGLU; 2) the animals were fed the test diets which were supplemented at 9 weeks with 3% histidine hydrochloride and fed over a 5-day period during which 24-hour urine collections were made on the third and fifth days and then tested for FIGLU. The level of dietary supplement corresponded to an intake approximately the same as that given by stomach tube. The results are shown in table 1.
When a histidine load was given either in a single dose or mixed with diet, FIGLU excretion was decreased by the feeding of thyroid powder. This is in marked contrast with the excretion pattern in the absence of added histidine where thyroid powder increased FIGLU excretion. When the moles of FIGLU excreted per milligram of histidine used are compared, FIGLU ex cretion with the low folie acid diets was decreased 78% by addition of thyroid when histidine was given by stomach tube, and was decreased 55% when histidine was mixed with the diet. The excretion pattern of AIC as af fected by folie acid level and by thyroid powder feeding is shown in table 2. The excretion values at 6 and 8 weeks have been combined into a single value. The excretion of AIC is very low, being about 80 ug/kg of body weight or about 0.1% of the FIGLU excretions which vary from 10 to 20 mg/kg of body weight with simi lar diets. AIC excretion was increased twofold in folie acid deficiency. Thyroid feeding had a small but consistent effect in increasing AIC excretion by about 50% .
The excretion of MNA was determined before and after loading with 0.75% of nicotinamide in the diet, and the results are present in table 3. The excretion of MNA before loading and after feeding 0.75% nicotinamide was increased about twofold by folie acid supplementation. Thyroid feeding had no effect on the molar fraction of added nicotinamide which was excreted as MNA. The excre- (6) '302 (7)324 (8)147(4)162(5)176(4) tion of MNA per kilogram of body weight was increased by thyroid primarily because the feed consumption per kilogram of body weight was increased by 50 to 100% by thyroid administration. It is apparent that thyroid feeding does not impair the efficiency of methyl group synthesis in a manner similar to that obtained in folie acid deficiency. The excretion of MNA before nicotinamide loading was small but this was increased about fivefold by thy roid feeding.
The level of formiminotransferase in liver was measured to determine whether thyroid feeding influenced the level of this enzyme. The results (table 4) show that the level of enzyme was not influenced by thyroid feeding. Because of the high mor tality in the thyroid-fed animals, only 7 survivors remained in all of the 3 groups receiving thyroid. Although the number of animals was limited, no differences in enzyme levels were found which could account for the effect of thyroid on FIGLU excretion. DISCUSSION The feeding of thyroid powder does not increase the folie acid requirement for growth. The increased excretion of FIGLU produced by thyroid with low folie acid diets does not occur in the presence of an excess of folie acid (10 ppm). This sug gests that the metabolic defect induced by thyroid can be corrected by an excess of folie acid. The reverse effect of thyroid powder in decreasing FIGLU excretion when a loading dose of histÃ-dine is given is difficult to reconcile with its effect on FIGLU excretion in the absence of added histidine. LITERATURE 
